Abstract: A simple model for estimating the intrinsic flow direction and speed in the parsec-scale jets associated with extragalactic radio sources is presented. In this model, radio source brightness asymmetries are attributed to the apparent amplification caused when a relativistic jet of radiating material is somewhat aligned with the observers line of sight. The knots of emission commonly seen in parsec-scale radio jets are interpreted as shocks in the relativistic fluid.
Introduction
Extragalactic radio sources can be studied in detail at arcsecond resolution (kpc scales) by instruments such as the VLA and ATCA. On these scales many extragalactic radio sources appear to have bright, unresolved nuclei which are connected to extended, fainter emission by radio jets.
However, to study extragalactic radio sources at milliarcsecond resolution (pc scales) the technique of very-long-baseline interferometry (VLBI) must be used. On these scales part of the unresolved component on kpc scales is often resolved into a highly collimated jet.
A generally accepted working definition of what a jet is was given by Hughes & Miller (1991) . They state that: 'the term "jet" should be applied to objects that are substantially elongated and for which it is reasonable to suppose that a flow of mass (and energy) is involved'. In many pc-scale radio sources, discrete components can be seen moving along collimated structures. Therefore many pc-scale radio sources qualify as jets.
The pc-scale jets have flat or inverted radio spectra, indicating that electrons are currently being accelerated to high energies. The associated structures on kpc scales, the lobes typical of FR-I and FR-II type radio sources (Fanaroff & Riley 1974) or the amorphous emission around BL Lac objects and core-dominated quasars (Murphy, Browne & Per ley 1993) have a steeper radio spectrum.
Radio sources which fit these descriptions have a simple interpretation. The pc-scale jet is generated by some central engine and powers the large-scale structure, and the spectrum of the source steepens in time and distance from the core.
It is the aim of this paper to present a simple model which estimates some of the intrinsic properties of pc-scale jets. Sections 2 and 3 review the physics used in this model, namely the equations describing relativistic beaming and simple shocks in a relativistic jet. Section 4 describes how the model, in conjunction with observational data, can constrain the intrinsic pc-scale jet speed and angle to the line of sight to unique values.
Source Asymmetry
A very high percentage of pc-scale jets are asymmetric with respect to the central source of radio emission, which is presumed to coincide with the central engine. This asymmetry is usually interpreted as the orientation-dependent appearance of a pair of oppositely directed relativistic jets of radio-emitting plasma. The two jets are intrinsically identical, but due to their speed and the angle they make to our line of sight they appear unequal in brightness. The radiation is beamed preferentially in the direction of the relativistic motion. Therefore the jet directed more towards the observer will appear the brighter. The surface brightness ratio for such a pair of jets is l-/3cos9J for isotropic emission in the rest frame. Here /3 is the intrinsic speed of the flow (in units of c, in the observers frame), 9 is the angle of the jet to the line of sight, and a is the radio spectral index of the jet (flux density decreasing with frequency gives a negative value for the spectral index). By measuring R and a from VLBI images, a constraint can be placed on the product (3 cos 9.
Knots and Shocks
Knots of emission in pc-scale jets are usually interpreted as shocks in the flow which is the jet (Hughes, Aller & Aller 1989; Lind & Blandford 1985; Bicknell 1994) . The compression experienced by material passing through a normal shock is k (fc < 1) and particle number conservation requires that (in the shock frame) 
-/3 sh cos 6
Here /3 app is the apparent velocity (in units of c) of a knot. /3 s h is the shock velocity with respect to the observer, and 8 is again the angle of the jet to the line of sight. This expression explains the apparent superluminal motions observed in some pc-scale jets. /3 s h can be used to connect the shock frame and the observers frame.
A Simple Model for pc-scale Jets
The minimum pressure (or minimum energy) calculation (e.g. Killen, Bicknell & Ekers 1986 ) is a time-honoured method for estimating the minimum pressure in a radio-emitting plasma. The method assumes that the internal pressure (or energy) of the plasma is equally partitioned between the electrons and the magnetic field. Hence the constraint on the calculation is provided by the observed surface brightness, which is mainly influenced by the electron energy distribution and the strength of the magnetic field. The minimum pressure calculation can take into account the apparent amplification caused by the relativistic effects described in Section 2. In addition the calculation can also absorb the shock equations of Section 3. Therefore the minimum pressure calculation can include all of the physics relevant to this model for pc-scale jets. The central tenet of the model is that the different fluid speeds of the jet on either side of the shock, P u and (3d, produce different relativistic beaming factors, altering the surface brightness distribution along the jet. Prom the observed surface brightnesses the minimum pressure calculation can be used to calculate Pd/P u -Simplifying assumptions are used for the form of the electron energy disribution and magnetic field strength in the minimum energy calculation (Hughes, Aller & Aller 1989) . The only free parameter in the minimum pressure calculation is 6, the angle the jet makes to the observer's line of sight.
So, for a given value of 6 the value of Pd/P u can be calculated. Pd/P u is identically 1/k (Section 3). In turn, the quantities expressible in terms of k (Ai>/3d,7u,7d) can easily be calculated. The results of the model calculation are therefore the upstream and downstream speeds of the jet as a function of the free parameter 0. Now, the intersection of the curve calculated in the (/3 U , 6) plane from the simple model above, with the constraint from the observation of a counter-jet (Section 2), identifies unique values for the the jet speed /3 U and angle to the line of sight 9. Figure 1 shows the results of the simple model calculated for a parametrisation which may be close to typical for a low-power FR-I type radio source observed with VLBI. The /? cos 6 constraint has been plotted only on the panel which shows the true jet speed, i.e. the speed of the unshocked flow. The parametrisation used here yields a mildly relativistic velocity of 0-7c and a modest angle to the line of sight of 42°.
Conclusions
A simple model for the radio emission from a pc-scale jet has been presented which allows VLBI observations to be used to estimate some of the jet's intrinsic properties. An example of the technique has been presented.
